INTRODUCTION
============

Respiratory viruses are the most frequent cause of acute respiratory infections (ARI) in infants and young children, and important causes of hospitalization in developing countries ([@b1]). The respiratory viruses, particularly Human Respiratory Syncytial Virus (HRSV), Influenzavirus types A and B (FLUA and B), Human Parainfluenzavirus 1, 2 and 3 (HPIV 1, 2 and 3), Human Rhinovirus (HRV) and Human Metapneumovirus (HMPV) have been recognized as the most important pathogens involved in lower respiratory tract infections (LRTI) ([@b32], [@b35], [@b38]). Frequency of viral detection in LRTI depends on many factors, such as sample management, disease severity, diagnostic methods and climatic season ([@b34]).

Several studies have reported that viral respiratory infections present seasonal patterns, which are more accentuated in regions with temperate climate rather than tropical climate ([@b8]). As an example, outbreaks of respiratory syncytial virus and influenza viruses occur in the winter season in regions with temperate climate ([@b3]).

Brazil is a country where several studies revealed viruses as the main causes of respiratory infections in Fortaleza, in Rio de Janeiro, in São Paulo and in Curitiba ([@b18], [@b35], [@b36]), as reported by Arruda et al. ([@b1]). These viruses cause illness that can range from a brief upper respiratory tract infection, as a common cold, to a severe systemic illness, like bronchiolitis and pneumonia, resulting in death ([@b11]).

Large countries like Brazil possess a wide range of geographical areas, each one with unique climatic characteristics. Epidemiological studies from tropical regions indicate that factors as rainy seasons ([@b34]) or low air humidity ([@b3]), in addition to temperature, may influence respiratory viruses outbreaks. Global warming carries profound changes in Earth's climate, and major changes in the atmosphere and in the climate have a vast impact on the biosphere and the human environment ([@b20]). Consequently, climatic variations and extreme weather events also cause profound impacts on infectious diseases incidences. Infectious agents (such as protozoa, bacteria and viruses) are devoid of thermostatic mechanisms, and reproduction and survival rates are thus strongly affected by fluctuations in temperature. Temperature dependencies are seen in correlations between disease rates and weather variations over weeks, months or years, as well as in close geographic associations with key climatic variables and the distributions of important infectious diseases ([@b28]).

Knowledge of the trends and seasonality of respiratory viral infections in the community could be a first step to confer information for health care providers, to facilitate the implementation of strategies to prevent and minimize transmission, and also introduce early therapeutic options to high risk patients ([@b13]).

The aim of this study was to detect the presence of respiratory viruses in clinical samples collected from children with respiratory tract infection, and analyze the seasonal trends and occurrence patterns of the identified viruses.

MATERIALS AND METHODS
=====================

Clinical Specimens
==================

This study was conducted at the Genomic Studies Laboratory of the Sao Paulo State University, located in Sao Jose do Rio Preto, São Paulo State, whose inhabitants reach the number of 402.770. Samples were collected at the Sao Jose do Rio Preto Base Hospital, a tertiary health care facility. Patients were children between one month and six years of age attended between May 2004 and September 2005, suffering from ARI. A single nurse was responsible for collecting the samples during the whole study. Nasopharyngeal washes were obtained after instillation of 0.5ml of sterile PBS (Phosphate Buffered Saline -- NaCl, Na~2~HPO~4~, NaH~2~PO~4~) into each nostril with immediate aspiration through a sterile neonatal canula inserted into the child's nasopharynx. The sample was transferred to a sterile vial and immediately transported to the laboratory, processed and frozen at --86°C in Trizol LS (Invitrogen, Carlsbad, CA) for later RNA extraction and RT-PCR testing. This method was chosen because of its high specificity and sensibility, besides being a rapid test for the identification of many pathogens, including respiratory viruses. This study was approved by Research Ethics Unesp/IBILCE by opinion n° 062/2001 on June 11, 2001, in São José do Rio Preto, Brazil.

RNA Extraction and cDNA Synthesis
=================================

Viral RNA was extracted from 250µl of clinical specimen following the Trizol LS manufacturer's instructions and suspended in 20µl of MiliQ water treated with DEPC (diethylpyrocarbonate, Sigma, St Louis, USA), cDNA was synthesized using the High-Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA) utilizing random primers according to the manufacturer's protocol, and stored at -20^o^C.

PCR amplification
=================

The amplification reaction of HMPV, FLU A and FLU B, HPIV1, HPIV2 and HPIV3 and HRV was performed in a final volume of 25µl, with 3µl of cDNA, 5µl of buffer (75mM Tris-HCl pH 9.0, 50mM KCl, 20mM (NH~4~)~2~SO~4~), 3µl of 50 mM MgCl~2~, 1µl of 10 mM dNTPs, 2.5µl of each primer (as *per* 6, 12, 14, 21 ) at 10 pmol ([@b10]), 0.5µl (2 U) of DNA polymerase (Biotools), and MilliQ water treated with DEPC. The reaction consisted of 40 amplification cycles with denaturation at 94°C for 45 seconds, annealing at 54°C for 45 seconds; extension at 72°C for 45 seconds, and final extension at 72°C for 7 min. For Human Rhinovirus identification, the amplicons produced by PCR were confirmed through hybridization performed with OLP and OLE oligonucleotide probes as previously published ([@b31]).

HRSV amplification was made by a semi-nested PCR method which involves two steps. The first step resulted in final reaction volume of 50µl, using 5µl of cDNA and a reaction composition identical to the one describe above for the other viruses. The reaction started with a denaturation step at 95ºC for 5 minutes, followed by 40 cycles of 94ºC for 1 minute, 55ºC for 1 minute, 72ºC for 1 minute, and a final extension step at 72ºC for 7 minutes. The samples which were tested negative in this step were undergone a second round of semi-nested PCR. For the second round, 5 µl of product from the previous reaction were mixed with 5µl of buffer and the same remaining components from the 1^st^ round, except for the use of 1.5µl of each primer at 10pmol (*as per* 20, 29, 30). The reaction was preceded by a denaturation step at 95ºC for 5 minutes, followed by 40 cycles at 94ºC for 1 minute, 55ºC for 1 minute, 72ºC for 1 minute, and an extension step at 72ºC for 7 minutes.

The amplification products were analyzed in a 1.2 % agarose gel stained with ethidium bromide, visualized under UV light.

Statistical Analysis
====================

Statistical analysis was performed using the Minitab Statistical Software for Windows, version 12.22, and differences were considered significant if p\<0.05

Geographical and Meteorological Data
====================================

São José do Rio Preto is localized in Northwest of São Paulo State, which is one of the states composing the Southeast region from Brazil. The city is located at an average altitude of 489 meters, latitude of -20,81972º and longitude of -49,37944°. São José do Rio Preto has a subtropical climate with an annual average temperature of 23,6º C, composed by dry and cold winters, and rainy summers with increased temperatures. January and March generally are the warmer months of the year, and the average temperature is 27 ºC. July is the coldest month, with an average temperature of 19,9 ºC. The autumn and spring are transition periods.

Data on temperature were supplied by the agriculture and supply secretary -- represented by the Integral Technical Assistance Coordination -- CATI -- and collected from daily temperature measures made by the Seeds, Seedlings and Matrices Department of Seeds Production Nucleus from Sao Jose do Rio Preto. Data on relative air humidity were obtained from SOMAR Meteorology through daily measures of REDEMET (Air Command Meteorological Network) at Sao Jose do Rio Preto Airport.

RESULTS
=======

During the period of study, 272 nasopharyngeal washes were collected from 272 children aged from1 to 68 months (average age of 29.5 months). From this total, 44.5% (121/272) were younger than 24 months and 57% were male ([Table 1](#tbl1){ref-type="table"}). Respiratory viruses were detected in 54.4% (148/272) of the samples, being HRSV the most detected consisting in 29% (79/272) from the positive samples. HRV was detected in 23.1% (63/272), HPIV3 in 5.1% (14/272), HMPV in 3.3% (9/272), HPIV1 in 2.9% (8/272), FLUB in 1.4% (4/272), FLUA in 1.1% (3/272) and HPIV2 in 0.3% (1/272) ([Table 1](#tbl1){ref-type="table"}). From the 148 positive samples, 29.7% (81/272) were collected from male patients and 24.6% (67/272) were from female ([Table 1](#tbl1){ref-type="table"}).

###### 

Association between detected respiratory viruses with age and gender (%).

  Age/Gender    Positive Viruses   HRSV     HMPV     FLUA     FLUB     HPIV1    HPIV2     HPIV3     HRV
  ------------- ------------------ -------- -------- -------- -------- -------- --------- --------- --------
  ≤ 24 meses    61/121             28/121   7/121    1/121    0        2/121    1/121     7/121     28/121
  (50.5%)       (23.1%)            (5.8%)   (0.8%)   (1.6%)   (0.8%)   (5.8%)   (23.1%)             
  \> 24 meses   87/151             51/151   2/151    2/151    4/151    6/151    0         7/151     35/151
  (57.6%)       (33.8%)            (1.3%)   (1.3%)   (2.6%)   (4%)     (4.6%)   (23.2%)             
  Male          81/155             38/155   7/155    2/155    2/155    4/155    1/155     8/155     39/155
  (52.3%)       (24.5%)            (4.5%)   (1.3%)   (1.3%)   (2.6%)   (0.6%)   (5.2%)    (25.2%)   
  Female        67/117             41/117   2/117    1/117    2/117    4/117    0         6/117     24/117
  (57.3%)       (35%)              (1.7%)   (0.8%)   (1.7%)   (3.4%)   (5.1%)   (20.5%)             
  Total         148/272            79/272   9/272    3/272    4/272    8/272    1/272     14/272    63/272
  (54.4%)       (29%)              (3.3%)   (1.1%)   (1.4%)   (2.9%)   (0.3%)   (5.1%)    (23.1%)   

HRSV:

Human Respiratory Syncytial Virus

; HRV:

Human Rhinovirus

; HMPV:

Human Metapneumovirus

; HPIV3:

Human Parainfluenzavirus

Type 3; HPIV 1:

Human Parainfluenzavirus Type

1; FLUB:

Influenzavirus Type B

; FLUA:

Influenzavirus Type

A; HPIV 2:

Human Parainfluenzavirus Type

2\.

The total respiratory infections were detected mainly in winter, spring and summer of 2004, and autumn and winter of 2005, as showed in [Figure 1A](#fig1){ref-type="fig"}, which also demonstrate the seasonal distribution of the detected respiratory viruses. Interestingly, the incidence of viral respiratory infections occurred between late winter and late spring 2004, with outbreaks occurring in spring. In contrast, the period of incidence in 2005 occurred between early autumn and late winter, with outbreaks in autumn.

Among all seasons that samples were collected, HRSV was the most identified virus, except for the summer 2005. Outbreaks were observed in winter and spring 2004, and autumn 2005. Presenting similar results, HRV was also detected during the whole period of sample collection. Outbreaks were observed in winter and spring 2004, and autumn 2005 ([Figure 1B](#fig1){ref-type="fig"}).

HPIV3 and HMPV were detected in four of all seasons studied, being HPIV3 mainly detected in spring 2004 and HMPV in autumn 2005. HPIV1 had an incidence in two seasons, principally detected in spring 2004. FLUA, FLUB and HPIV2 presented incidences only in one season of the year, detected in winter and autumn 2005 respectively ([Figure 1B](#fig1){ref-type="fig"}).

![**A**:Distribution of total respiratory infections according to climatic season (total of collected samples of hospitalized children with respiratory infections) (above) and viral respiratory infections between autumn/2004 to spring/2005, distributed according to climatic season (below). **B:** Viral respiratory infections between autumn/2004 to winter/2005, demonstrating the seasonality of each isolated virus according to the climatic season. HRSV: *Human Respiratory Syncytial Virus*; HRV: *Human Rhinovirus*; HMPV: *Human Metapneumovirus*; HPIV3: *Human Parainfluenzavirus Type* 3; HPIV1: *Human Parainfluenzavirus Type* 1; FLUB: *Influenzavirus Type B*; FLUA: *Influenzavirus Type A*; HPIV2: *Human Parainflue Type B*; FLUA: *Influenzavirus Type A*; HPIV2: *Human Parainfluezavirus Type* 2.](bjm-43-98-g001){#fig1}

The [Figure 2](#fig2){ref-type="fig"} illustrates viral respiratory infections correlated to monthly average of relative air humidity and monthly average of temperature. In the beginning of autumn 2004, relative air humidity was 75% and respiratory viruses were detected in few samples. The results show that when relative air humidity and temperature begin to decrease, viral respiratory infections tend to increase; when the temperature and the levels of relative air humidity increase and are maintained relatively high (summer 2005), the detection rate of respiratory viruses decreases, evidencing strong influence of temperature and relative air humidity levels on the incidence of viral respiratory infections in this period. The influence of temperature and relative air humidity on the circulation pattern of respiratory viruses was evidenced by statistical analysis. Results present a significant association between viral respiratory infections and monthly average of minimal relative air humidity (p=0.046) as well as between the monthly average of minimal temperature (p=0.044). Therefore, it was evidenced that meteorological aspects may present influence one over the other, thus temperature tends to fluctuate according to characteristics of relative air humidity while the relative air humidity also varies according to the temperature.

![Correlation of viral respiratory infections to monthly average temperature and monthly average relative air humidity, showing the variation of infections according to the variation of the meteorological factors \[T (°C) -- monthly average of temperature in °C, RAH -- monthly average of relative air humidity in (%)\].](bjm-43-98-g002){#fig2}

Through a specific analysis of the relation between the positivity of each detected respiratory virus to the temperature and relative air humidity, it is possible to note that the major HRSV outbreak occurred in the period of lowest temperatures, in the winter of 2004. This data also shows an association statistically significant between HRSV circulation and monthly average of minimal temperature (p=0.010) ([Figure 3](#fig3){ref-type="fig"}).

An interesting observation was made about data from 2005. There was an anticipation of HRSV infections, which occurred at higher rates in March and April -- a transition between summer and autumn. In this period, there was a fluctuation of the average temperature, which dropped a few degrees, then increased for a short period of time and decreased again. We can also observe that HRSV infections in 2004 were more prevalent than in 2005, thus evidencing the influence of temperature on infections by HRSV.

![Association of HRSV infections to monthly average of minimal temperatures demonstrating the variation of infections according to the climatic season and variation of relative air humidity.](bjm-43-98-g003){#fig3}

DISCUSSION
==========

Acute respiratory infections (ARI) constitute a major factor in respiratory tract diseases, which are responsible for high rates of hospitalization and mortality. ARI accounts approximately for 20% of mortality in children up to 5 years old ([@b30]).

Respiratory viruses have been reported as the main cause of low respiratory tract infections in children ([@b3], [@b11], [@b38],[@b39]) living in emerging countries, and despite advances in the epidemiological knowledge of these infections, researches involving respiratory viruses features that circulate in countries as Brazil are still necessary.

From 272 samples collected from hospitalized children because of ARI, 54.4% presented viral etiology. These data are in accordance with previous studies that reported respiratory viruses as the main cause of ARI, consisting of rates averaging from 30 to 75.5% ([@b7], [@b11], [@b26]).

There is knowledge that ARI, caused by viral infections, are influenced by a diversity of factors ([@b34]) and the mainly one observed on the present study was the relation between the detection of respiratory virus and climatic season, which presents differences in the meteorological factors of each season, including the variation of temperature and relative air humidity.

Before the prospect of anthropogenic climatic change emerged, epidemiologists were not greatly interested in climate-health relation ([@b32]). Recently, the discussions over the impacts of global warming on the terrestrial environment have awoken the interest of the association between climatic variations and health problems. Studies showed that the temperature-mortality relation varies greatly according to latitude and climatic zone. People living in warmer cities are more affected by lower temperatures, and people in colder cities are more affected by higher temperatures. In contrast, in the UK and some other northern high latitude countries, seasonal death rates and illness events are higher in the winter. ([@b23]).

In Brazil circulation of respiratory viruses shows different patterns according to region ([@b7]). In the Southeast region, which possesses a predominant subtropical climate, characterized by dry winters with moderate low temperatures and rainy summers, respiratory viruses have higher incidences in the coldest and driest months. Our results showed a significant association between viral respiratory infections and monthly average of minimal relative air humidity (p=0.046), and between monthly average of minimal temperature (p=0.044). Therefore, it is observed that meteorological aspects may present influence one over the other, occurring variations on temperature according to fluctuations on relative air humidity, as relative air humidity varies according to temperature. These data reveal concomitant influences of climatic factors on viral respiratory infections. Consequently, the low temperatures and low relative air humidity could have effects on children respiratory tracts and immunological system, increasing their susceptibility to pathogens. Also these climatic profiles could cause an improvement of viral particles dissemination, leading to a higher probability of infection.

In the United States, the HRSV season has been documented to start in late December and end in late March with regional variability in average start time -- ranging from late November and early January in the South and the Midwest, respectively ([@b26]). Compared to several other respiratory viruses which are primarily spread by droplets, the mode of transmission for HRSV is direct or indirect contact ([@b17], [@b18]). It has been suggested that human social behavior related to weather may increase person-to-person contact and may play a part in the seasonality of HRSV epidemics ([@b4], [@b34]). Crowding, large family size, multiple birth, and crowded homes are known risk factors for HRSV infection ([@b2]).

In Singapore rates of HRSV disease were associated with higher temperature, lower relative humidity and higher maximal day-to-day temperature variation ([@b3]). Weber et al. (1998) described a peak in HRSV-associated ALRI during the rainy season in The Gambia ([@b39]); however, earlier studies did not find such an association ([@b15]). Chan and colleagues reported HRSV disease to be directly associated with number of days of rainfall in a month and inversely associated with monthly mean temperature in Malaysia ([@b4]). The study, however, did not find an association between HRSV disease and total monthly precipitation ([@b4]).

On our study HRSV outbreaks presented defined seasonality, occurring in winter, early spring and late autumn periods, being these data similar to previous obtained results ([@b3], [@b22], [@b27]). It is observed that there is a moderate fluctuation of temperature over the period of study (about 10 ° C). Thus, it was verified a statistical significant association (p=0.010) between HRSV identification and monthly average of minimal temperature, showing that in Southeast Brazil this virus presents a correlation to periods that temperatures are lower. In contrast to our observations, Omer et al. (2008) observed an association of higher HRSV incidence with the increase of rainfall and temperature; however, it is necessary to consider that this study was performed on an island population, at sea level in a tropical equatorial region.

Concerning HRV, outbreaks were observed during spring, autumn and winter, agreeing to previous obtained results ([@b7], [@b10]), that detected HRV mainly in coldest months. Associating HRSV with HRV outbreaks, it was possible to verify that in 2004 HRSV had a major detection rate in late winter and spring; and comparing with the same period in 2005 it was verified that HRV had a higher prevalence, almost occurring an inversion on the incidences of these viruses in this period. An explanation for it would be the genotypes of HRSV circulating in 2004 and 2005. Children infected by HRSV in 2004 could obtain a better immune response to this virus in 2005, therefore leaving better conditions for HRV infections.

Knowledge about HMPV seasonality is limited in Brazil. Despite our results show a low percentage of HMPV detection, they agree with previous reported data ([@b5], [@b16]) showing this virus detection mainly in autumn; however, no significant statistical correlation to variations on temperature or relative air humidity was obtained.

The only positive sample to HPIV2 was collected during winter. HPIV1 and HPIV3 detection occurred mainly in late winter and spring. Similar results were reported ([@b5], [@b26]) showing this virus presence in samples collected in spring, autumn and winter. According to literature, HPIV3 are the most frequent viruses from this family, being type 1 and 2 viruses barely detected or even detected, which shows agreement with obtained results to literature data.

FLUA and FLUB were detected in few samples; however, these samples were collected during autumn and winter, agreeing to previous studies that showed *Inlfuenza* outbreaks occurring between late summer and early winter ([@b11], [@b24], [@b26]).

The occurrence of these infections showed associations with the coldest and driest periods, represented by autumn, winter and spring seasons; however, the minimal temperatures are high when compared to those observed in countries of temperate climate where the seasonality is defined. Also there is a small variation on temperature throughout the seasons in regions of subtropical climate.

In conclusion, results obtained by the present study show that these pathogens have distinct seasonal patterns in São José do Rio Preto, which are especially influenced by meteorological factors, such as variations on temperature and relative air humidity. This is the first report showing those seasonal patterns of circulating respiratory viruses and their relation to climatic events in this city. Therefore, the results demonstrate the importance of epidemiological surveillance of respiratory viruses in all regions from Brazil, suggesting that future studies correlating clinical aspects to climatic variations are needed, principally concerning viral respiratory infections on Southeast region of Brazil.
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